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The Higgs boson production pp (pp¯)→ bh+X via bg → bh at hadron colliders, which may be an
important channel for testing the bottom quark Yukawa coupling, is subject to large supersymmetric
quantum corrections. In this work the one-loop SUSY-QCD corrections to this process are evaluated
and are found to be quite sizable in some parameter space. We also study the behavior of the
corrections in the limit of heavy SUSY masses and find the remnant effects of SUSY-QCD. These
remnant effects, which are left over in the Higgs sector by the heavy sparticles, are found to be
so sizable (for a light CP-odd Higgs and large tan β) that they might be observable in the future
experiment. The exploration of such remnant effects is important for probing SUSY, especially in
case that the sparticles are too heavy (above TeV) to be directly discovered in future experiments.
14.80.Cp, 13.85.Qk,12.60.Jv
I. INTRODUCTION
Searching for the Higgs boson is the most important task for the Fermilab Tevatron collider and the CERN Large
Hadron Collider (LHC). Among various Higgs production mechanisms, those induced by the bottom quark Yukawa
coupling are particularly important because in some extensions of the Standard Model (SM) such a coupling could
be considerably enhanced and thus the production rates can be much larger than the SM predictions. The Minimal
Supersymmetric Standard Model (MSSM) [1] serve as a good example of such extensions, where the coupling of
the lightest CP -even Higgs boson (denoted by h) to the bottom quark is proportional to tanβ [2] and thus can be
significantly enhanced by large tanβ.
In the production channels of the Higgs boson via its coupling to the bottom quark , the process pp (pp¯)→ bh+X
via bg → bh was recently emphasized in Ref. [3]. The advantage of this process over the production via bb¯→ h [4], the
dominant production channel via the bottom quark Yukawa coupling, is that the final bottom quark can be used to
reduce backgrounds and to identify the Higgs boson production mechanism [5]. And compared with the production
via gg, qq¯ → hbb¯ [6], the production rate of pp (pp¯) → bh + X is one order of magnitude larger. So the production
pp (pp¯)→ bh+X may be a crucial channel for testing the bottom quark Yukawa coupling.
If the MSSM is indeed chosen by Nature, then the prediction of the cross section for the production pp (pp¯)→ bh+X
[7] must be renewed with the inclusion of SUSY quantum corrections because, like the process of the charged Higgs
boson production pp (pp¯)→ tH− +X [8,9] and the relevant Higgs decays [10–12], the SUSY quantum corrections to
this process may be quite large. In this work we study the one-loop SUSY-QCD corrections to this process, which is
believed to be the dominant part in the SUSY corrections.
It is well known that the low-energy observables in the MSSM will recover their corresponding SM predictions when
all sparticles as well as MA (the mass of the CP-odd neutral Higgs boson) take their heavy limits. If only some of the
masses take their heavy limits, e.g., all sparticles are heavy butMA is light, then large remnant effects of SUSY may be
left over in the physical observables of the Higgs sector. The study of these remnant effects will serve as an important
probe for those heavy SUSY particles [11]. Such kind of study will be performed for the process pp (pp¯)→ bh+X in
this work. After deriving the SUSY-QCD corrections to this process, we will examine the behavior of the corrections
in the limit of heavy SUSY masses. When MA is light and the sparticles take their heavy limits, we find the large
remnant effects left over by the SUSY-QCD in such a Higgs production process.
This paper is organized as follows. In Section II we present our strategy for the calculation of the one-loop SUSY-
QCD corrections to the process pp (pp¯) → bh + X . In Section III, we scan the parameter space of the MSSM to
estimate the size of the SUSY-QCD corrections. In Section IV, we study the behaviors of these corrections in the limit
of heavy SUSY masses. The conclusion is given in Section V and the detailed formula obtained in our calculations
are presented in the Appendix.
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II. CALCULATIONS
At high energy hadron colliders, the incoming b-quark is generated from gluons splitting into nearly collinear bb¯
pairs. When one member of the pair initiates a hard-scattering subprocess, its partner tends to remain at low pT and to
become part of the beam remnant. Hence the final state typically has no high-pT b-quarks. When the scale of the hard
scattering is large compared with the b-quark mass, the b-quark is regarded as part of the proton sea [13]. However,
unlike the light quark sea, the b-quark sea is perturbatively calculable. If the scale of the hard scattering is µ˜ (for the
scale we use µ˜ to distinguish from the SUSY parameter µ), the b-quark distribution function b(x, µ˜) is intrinsically
of order αs(µ˜) log(µ˜/mb). As µ˜ approaches mb from above, b(x, µ˜) → 0; while as µ˜ becoming asymptotically large,
αs(µ˜) log(µ˜/mb) approaches order of unity and one needs to sum terms of order α
n
s (µ˜) log
n(µ˜/mb) into the b-quark
distribution function to yield a well-behaved perturbation expansion in terms of αs [13]. In this case, the b-quark
distribution function becomes of the same order as the light partons. The main uncertainty of b-quark distribution
function comes from that of gluon distribution function which is about 10% [14].
The subprocess gb → bh occurs through both s-channel and t-channel shown in Fig. 1(a, b). The spin- and color-
averaged differential cross section at tree-level is given by
dσˆ0
dtˆ
= −αs(µ˜)
24
(
gmb(µ˜)
2mW
)2(
sinα
cosβ
)2
1
sˆ2
m4h + (sˆ+ tˆ−m2h)2
sˆtˆ
, (2.1)
where sˆ and tˆ are the usual Mandelstam variables, αs(µ˜) is the running strong coupling, and mb(µ˜) is the running
bottom quark mass [4]. α represents the mixing angel between the two CP-even Higgs boson eigenstates and β is
defined by tanβ = v2/v1 with v1,2 denoting the vacuum expectation values of the two Higgs doublets [2]. In Eq.(2.1),
we use the MS running mass of the b-quark rather than the pole mass to take into account large QCD logarithm
corrections to the vertex hbb¯ [15]. The SM prediction of the cross section is recovered when setting | sinα/ cosβ| = 1
[3]. Throughout the calculations we neglect the b-quark mass except in the b-quark Yukawa couplings.
The one-loop Feynman diagrams of SUSY-QCD corrections are shown in Fig. 1(c-r). In our calculations we use
dimensional regularization to control the ultraviolet divergences in the virtual loop corrections. For the renormalization
of strong coupling constant gs, we employ the MS scheme [16]. As to the hbb¯ Yukawa coupling, at one loop level to
O(αs) it is given by
g¯hbb = ghbb + δg
QCD
hbb + δg
SQCD
hbb , (2.2)
where g¯hbb denotes the one-loop coupling, ghbb is tree-level coupling, δg
QCD
hbb is the radiative correction from pure
QCD [15], and δgSQCDhbb is the one-loop SUSY-QCD contribution [11]. In determining δg
QCD
hbb + δg
SQCD
hbb , one needs
the counter-term of the vertex hbb¯, whose general from is given by ghbb(
δm
QCD
b
mb
+
δm
SQCD
b
mb
) with δmb being the
counter-term of the b-quark mass defined by m0b = mb + δmb (m
0
b is the bare mass). δmb is determined by requiring
mb to be the pole of the one-loop corrected b-quark propagator [15,11,17]. One major difference between δg
QCD
hbb and
δgSQCDhbb is that the former contains large logarithms αs log
µ˜
mb
of O(1) and thus one needs to introduce MS running
mass mb(µ˜) to absorb leading logarithms α
n
s log (
µ˜
mb
)n [15]. An extensive discussion about this issue in the MSSM
was provided in Ref. [17].
The one-loop SUSY-QCD contribution to the amplitude of gb→ bh can be written as
δM =
ig3sT
a
16π2
gmb
2mW
sinα
cosβ
u(p2)(C1γ
µPL + C2γ
µPR + C3γ
µ 6 kPL + C4γµ 6 kPR + C5pµ1PL + C6pµ1PR
+C7p
µ
1
6 kPL + C8pµ1 6 kPR + C9pµ2PL + C10pµ2PR + C11pµ2 6 kPL + C12pµ2 6 kPR)u(p1)ǫµ(k), (2.3)
where PL,R ≡ (1 ∓ γ5)/2, T a ≡ λa/2 with λa being the Gell-Mann matrices, and k, p1 and p2 are the momentum of
the incoming gluon, incoming b-quark and the outgoing b-quark, respectively. gs and mb should be understood as the
running ones in Eq.(2.1). The coefficients Ci arise from the loops and are given explicitly in Appendix A. We have
checked that all the ultraviolet divergences canceled as a result of renormalizability of the MSSM.
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FIG. 1. Feynman diagrams of gb → bh with one-loop SUSY-QCD corrections: (a, b) are tree level diagrams; (c − e) are
one-loop vertex diagrams for s-channel; (f−k) are one-loop vertex diagrams for t-channel ; (l−n) are the box diagrams; (o−r)
are self-energy diagrams.
The differential cross section of gb→ bh with one-loop SUSY-QCD corrections is given by
dσˆ
dtˆ
=
dσˆ0
dtˆ
+
d(∆σˆ)
dtˆ
, (2.4)
where the first term is the tree-level result given in Eq.(2.1) and the second term is the one-loop SUSY-QCD corrections
given by
d(∆σˆ)
dtˆ
= −αs
48
αs
4π
(
sinα
cosβ
)2(
gmb
2mW
)2
1
sˆ2
×
[
2(C3 + C4)m
2
h + (C5 + C6)
m2h(sˆ+ tˆ−m2h)
tˆ
+ (C9 + C10)
−(sˆ+ tˆ−m2h)2
sˆ
]
. (2.5)
The cross section of gb→ bh is then given by
σˆ(sˆ) =
∫ tˆmax
tˆmin
dtˆ
dσˆ
dtˆ
, (2.6)
where tˆmax = 0 and tˆmin = −sˆ + m2h with mh denoting the Higgs mass. In order to avoid collinear divergence in
Eq.(2.6) and to enable the outgoing b-jet to be tagged by silicon vertex detector at the Tevatron and the LHC , we
require the transverse momentum of the outgoing b-jet to be larger than 15 GeV and apply a rapidity cut |ηb| < 2.5
for the LHC and |ηb| < 2.0 for the Tevatron.
The total hadronic cross section for pp (pp¯) → bh +X can be obtained by folding the subprocess cross section σˆ
with the parton luminosity
σ(s) =
∫
1
τ0
dτ
dL
dτ
σˆ(sˆ = sτ), (2.7)
3
where τ0 = m
2
h/s and s denotes the pp (pp¯) squared center-of-mass energy. dL/dτ is the parton luminosity given by
dL
dτ
=
∫
1
τ
dx
x
[fpg (x,Q)f
p
b (τ/x,Q) + (g ↔ b)], (2.8)
where fpb and f
p
g are the b-quark and gluon distribution functions in a proton, respectively. In our numerical calcula-
tions, we used the CTEQ5L parton distribution functions [18]. We did not distinguish the factorization scale Q and
the renormalization scale µ˜, and assumed µ˜ = Q = mh. The scale dependence of our results will be briefly discussed
in the proceeding section.
The process pp (pp¯) → bh + X has been extensively studied [3] in the framework of the Standard Model. Its
cross section is found to be at the order of 1 fb for the Tevatron and 100 fb for the LHC, and the next-leading-order
(NLO) QCD correction can enhance the production rate by 50% ∼ 60% for the Tevatron and 20% ∼ 40% for the
LHC [3], depending on the applied cuts and the Higgs boson mass. We will incorporate such QCD corrections in our
calculations for the production rate σ/σSM .
III. NUMERICAL RESULTS
In this section we will perform a scan over the SUSY parameter space to show the possible size of the SUSY-QCD
corrections. Before performing numerical calculations, we take a look at the relevant parameters involved. For the SM
parameters, we took mW = 80.448 GeV, mZ = 91.187 GeV, mt = 174.3 GeV, m¯b(m¯b) = 4.2 GeV [19], sin
2 θW = 0.223
and αs(mZ) = 0.118 . We used the one-loop QCD running αs(µ˜) and mb(µ˜).
For the SUSY parameters, apart from gluino mass, the mass parameters of sbottoms are involved. The sbottom
squared-mass matrix is [2]
M2
b˜
=
(
m2
b˜L
mbXb
mbXb m
2
b˜R
)
, (3.1)
where
m2
b˜L
= m2
Q˜
+m2b +m
2
Z(I
b
3
−Qb sin2 θW ) cos(2β), (3.2)
m2
b˜R
= m2
D˜
+m2b +m
2
ZQb sin
2 θW cos(2β), (3.3)
Xb = Ab − µ tanβ. (3.4)
Here m2
Q˜
and m2
D˜
are soft-breaking mass terms for left-handed squark doublet Q˜ and right-handed down squark D˜,
respectively. Ab is the coefficient of the trilinear term H1Q˜D˜ in soft-breaking terms and µ the bilinear coupling of
the two Higgs doublet in the superpotential. Ib
3
= −1/2 and Qb = −1/3 are the isospin and electric charge of the
b-quark, respectively. This mass square matrix can be diagonalized by a unitary rotation(
b˜L
b˜R
)
=
(
cos θb − sin θb
sin θb cos θb
)(
b˜1
b˜2
)
, (3.5)
and consequently θb and the masses of physical sbottoms b˜1,2 can be expressed as
tan 2θb =
2mbXb
(m2
b˜L
−m2
b˜R
)
, (3.6)
m2
b˜1
= m2
b˜L
cos2 θb + 2mbXb cos θb sin θb +m
2
b˜R
sin2 θb, (3.7)
m2
b˜2
= m2
b˜L
sin2 θb − 2mbXb cos θb sin θb +m2b˜R cos
2 θb. (3.8)
From Eqs.(2.1,2.5,2.6) we know that the cross section also depends on the Higgs mass, α and β, which can be
determined at tree level by tanβ and the CP-odd Higgs mass MA [2]. Noticing the fact that both the mass and the
mixing angle receive large radiative corrections when the SUSY scale is high above mt [20], we used the loop-corrected
relations of Higgs masses and mixing angle [21,22] in the computation of cross section. In our calculation, we used
the program SUBHPOLE2 [21], where two-loop leading-log effects of the MSSM are incorporated in the Higgs masses
and the mixing angel, to generate mh and α needed for our computation. The input parameters for this program are
the mass parameters in the top sqaurk and sbottom sector, and MA, tanβ and the heavier chargino mass mχ˜.
4
We found that the usage of the loop-corrected relations of Higgs masses and mixing angle is indeed necessary.
Comparing with the results obtained by using tree-level relations for Higgs masses and mixing angel, the size of
SUSY-QCD corrections by using the loop-corrected relations is generally magnified from 30% to 200%1. We also
checked that this conclusion is also valid for the SUSY-QCD correction to the Higgs partial width Γ(h→ bb¯).
Now we know the relevant parameters are
mQ˜,mU˜ ,mD˜, At,b,mg˜,mχ˜, µ,MA, tanβ, (3.9)
where M2
U˜
is the soft-breaking mass term for right-handed top-squark and At the coefficient of the soft-breaking
trilinear term H2Q˜U˜ . To show the main features of SUSY effects in pp (pp¯)→ bh+X , we performed a scan over this
ten-dimensional parameter space. In our scan we make no assumptions about the relations among these parameters
to keep our result model-independent, but restrict the parameters with mass dimension to be less than 2 TeV. In
addition, we consider the following experimental constraints:
(1) µ > 0 and tanβ in the range 5 ≤ tanβ ≤ 50, which seems to be favored by the muon g − 2 measurement [23].
(2) The LEP and CDF lower mass bounds on Higgs, gluino, stop, sbottom and chargino [24,25]
mh ≥ 114 GeV,mt˜1 ≥ 86.4 GeV, mb˜1 ≥ 75.0 GeV, mg˜ ≥ 190 GeV, m
light
χ˜ ≥ 67.7 GeV, (3.10)
where mlightχ˜ is the mass of the lighter chargino.
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FIG. 2. The scatter plot of σ0/σ0SM versus MA.
It would be interesting to first scan over the allowed parameter space to figure out how large the production rate is
enhanced in the MSSM. In Fig.2 we present the tree-level cross section relative to the SM prediction with the same
Higgs mass. This ratio is independent of collider energy, but is dependent on the SUSY mass parameters since we use
the loop-corrected relations of the Higgs masses and the mixing angle (see the second paragraph of Sect. II) . From
Fig.2 one sees that the production rate in the MSSM can be significant larger than the SM prediction for a light MA;
while for a heavy MA the MSSM prediction approaches to the SM value. This character was first noticed in [26] and,
1The main reason for such an enhancement is that for a large SUSY scale, the dominant term of the SUSY-QCD correction
is proportional to cotα + tan β (see for example, Eqs.(4.2, 4.4, 4.6, 4.9) in the proceeding section), whose value obtained by
using the loop-corrected relations of the Higgs masses and the mixing angle is generally larger than that by using the tree-level
relations.
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as a result of this character, distinguishing the lightest MSSM Higgs boson from the SM Higgs boson in the large
MA limit will be very difficult. When SUSY-QCD corrections are added, this character remains unchanged for heavy
sbottoms(see following discussions). From Fig.2 one also finds that there exists the possibility (although very rare)
that the MSSM cross section is suppressed to be below the SM value [27]. In this case, the SUSY-QCD corrections
will play a more important role in Higgs phenomenology at colliders [28].
Now let us scan over the allowed parameter space to show the possible size of the SUSY-QCD corrections relative
to the tree-level value. In our numerical evaluation, we found the relative correction is insensitive to collider energy.
The difference of the results between the LHC and the Tevatron is at the level of parts per mill. In Fig.3 we present
the SUSY-QCD corrections to the cross section.
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FIG. 3. The scatter plot of the SUSY-QCD correction ∆σ/σ0 versus MA for the Tevatron. The difference of the results
between the LHC and the Tevatron is at the level of parts per mill.
Fig.3 manifests three features of SUSY-QCD corrections for large tanβ. The first one is that the correction size is
enhanced by tanβ and thus can be quite large. The second one is that for MA lighter than 500 GeV, the correction
tends to be negative. The third one is that for large MA, the correction may be positive and the maximum value
seems to be independent of the value of MA. These features can be explained as follows.
For the correction size larger than 2%, the dominant contribution of the SUSY-QCD correction is from the loop
corrections to the vertex hbb¯ and the contribution of the box diagrams is much smaller for the parameters satisfying
the constraints in the paragraph following Eq.(3.9) 2. As a result, the correction behaves like (which is similar to the
SUSY-QCD correction to the vertex hbb¯ in case of heavy sbottoms [11])
∆σ
σ0
∼ C1M
2
EW
M2A
+ C2
M2EW
M2
b˜
, (3.11)
where MEW and Mb˜ denote the electroweak scale and the typical mass of sbottoms, respectively. C1 and C2 are
functions of mb˜1 , mb˜2 , mg˜, µ and Ab, but independent of MA. It is found that in general C1 is negative and C2 is
positive and either C1 or both C1 and C2 are enhanced by large tanβ. For a light MA compared with mb˜, the first
term of the RHS in Eq.(3.11) is dominant and hence the cross section tends to be negative. While for a large MA ,
the second term is dominant and the cross section tends to be positive. So the behavior of Eq.(3.11) can explain the
features of Fig.3.
From Fig.3 we noticed that in some corners of parameter space the one-loop SUSY-QCD contributions to the cross
section are comparable or even larger than the tree-level result and consequently, one must consider higher order
corrections. In such cases, it is important to sum over the terms αns (
µ
MSUSY
)n to all orders of perturbation theory by
using an effective Lagrangian approach [17,29].
2In the large limit of SUSY mass parameters discussed in the proceeding section, we have checked that, even for the correction
size far smaller than 1%, the dominant contribution still comes from the corrections to the vertex hbb¯.
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FIG. 4. The SUSY-QCD correction δσ/σ0 and the cross section σ/σSM versus the mass of the produced Higgs boson. Solid
curves are for the LHC and the dashed for the Tevatron. For ∆σ/σ0, each solid curve overlaps with the corresponding dashed
one due to the tiny difference.
Next we study the dependence of the SUSY-QCD correction δσ/σ0 and the cross section normalized by the SM
prediction, σ/σSM , on the mass of the produced Higgs boson, which can be directly compared with experiment
results and hence is much informative. In such a study we assumed a common value (MSUSY ) for all input SUSY
mass parameters and, considering the fact that mh is insensitive to MA for MA > 150GeV [22], we fixed the value of
MA. Then through varying the value of MSUSY , we obtain the different mass value of the Higgs boson.
The dependence on mh is illustrated in Fig.4 for tanβ = 50. (Note that mh can vary only in a small range since
it is stringently upper bounded in the MSSM.) In this figure and also in the following figures showing σ/σSM , we
also incorporated the conventional QCD corrections [3] into both the MSSM and the SM cross sections. As pointed
out earlier, the SUSY-QCD correction δσ/σ0 is not sensitive to collider energy. The difference of the results between
the LHC and the Tevatron is too small to be visible, as shown in the upper part of Fig.4. But for σ/σSM the
difference between the LHC and the Tevatron is visible since the QCD corrections are significantly different for these
two colliders [3].
We also studied the dependence of the production rate on the renormalization scale µ˜. (As pointed out earlier, we
assume that the factorization scale is equal to the renormalization scale.) We found that such a scale dependence is
significant in some parameter space. For example, for the LHC with MA = 300 GeV and mh = 120 GeV, the ratio
σ(µ˜)/σ(mh) is 0.93 for µ˜ = mh/2 and 1.03 for µ˜ = 2mh. Such an uncertainty is comparable with the uncertainty
from the b-quark Yukawa coupling (m¯b(m¯b) = 4.2± 0.2) and the partron distribution function (about 10%).
IV. BEHAVIOURS OF SUSY-QCD CORRECTIONS IN DECOUPLING LIMITS
To study the behaviors of the SUSY-QCD correction in the large limit of SUSY mass parameters, we consider
four typical cases as in Ref. [11] where the decoupling property of SUSY-QCD correction to the coupling of hbb¯ is
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analyzed. To qualitatively understand the feature of each case, we present the approximate formula in the limits, but
in practical numerical calculations we use the complete one-loop expressions.
About the inputs of the SUSY parameters, there are several differences between our work and Ref. [11]. The first
one is that in [11] the tree-level relations for the Higgs masses and the mixing angle were used, but in our calculations
we use the loop-corrected relations. As discussed earlier, using the loop-corrected relations leads to a significantly
different correction. The second one is that in our analysis we considered the experimental bounds in Eq.(3.10). This
will rule out some parameter space which have been considered in Ref. [11]. The third one is that in cases B and D
we also require At,b to be large since large At,b is favored by the Higgs mass bound.
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FIG. 5. The SUSY-QCD correction ∆σ/σ0 versus MS in Case A. For each fixed value of MA, the solid curve (for the LHC)
overlaps with the corresponding dashed one (for the Tevatron) due to the tiny difference.
(1) Case A: All SUSY mass parameters except MA are of the same size (collectively denoted by MS) and tend to
heavy, i.e.,
mQ˜ ∼ mU˜ ∼ mD˜ ∼ Ab ∼ At ∼ mg˜ ∼ µ ∼MS . (4.1)
In this case the SUSY-QCD correction behaves like
∆σ
σ0
∼ 2αs
3π
[
−(tanβ + cotα)− cotα( m
2
h
12M2S
+
m2b tan
2 β
2M2S
) +
tanβ
3
cosβ sin(α+ β)
sinα
m2Z
M2S
]
, (4.2)
where the first term in the RHS corresponds to the first term in Eq.(3.11)3 and the rest corresponds to the second
term in Eq.(3.11). The striking feature of this case is that for very large MS, the correction approaches a nonzero
3In the MSSM the tree-level relation for Higgs masses and mixing angle predicts the following relation: cotα = − tan β −
2m
2
Z
M2
A
tanβ cos 2β +O(
m
4
Z
M4
A
) and at loop level, the gap between cotα and − tan β is generally enlarged.
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constant, and this remnant effect of SUSY-QCD corrections is enhanced by large tanβ. This feature is illustrated in
Fig.5. From Fig.5 one also finds that the SUSY-QCD correction in this case is negative and sizable 4 for a light MA
and a large tanβ.
In Fig.6 we show the loop corrected cross section normalized by the SM prediction. From this figure we see that for
MA of several hundred GeV, although the tree-level cross section in the MSSM can be reduced by large SUSY-QCD
corrections, an enhancement of several times over the SM prediction can still be expected due to the fact that the
tree-level b-quark Yukawa coupling in the MSSM is significantly enhanced by large tanβ for light MA. This large
enhancement shows a very weak dependence on MS . So we can conclude that up to the next-leading order, a light
MA is still able to make the MSSM cross section larger than the SM prediction.
1
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mA = 200 GeV
200 GeV
500 GeV
MA =  MS
300 GeV
Case A
tan β = 50
0.5
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MA =200 GeV
300 GeV
MA =   MS
500 GeV
tan β = 8
FIG. 6. σ/σSM versus MA in Case A for the LHC (solid) and the Tevatron (dashed).
(2) Case B: MQ˜ MU˜ , MD˜ and At,b (collectively denoted as MS) is much larger than µ, mg˜ and MA (collectively
denoted as M ), i.e.,
MQ˜,U˜,D˜ ∼ At,b ∼MS ≫ mg˜ ∼ µ ∼MA ∼M. (4.3)
In this case the SUSY-QCD correction behaves as
∆σ
σ0
∼ 2αs
3π
[−2M2
M2S
(tanβ + cotα)− m
2
hM
2
6M4S
(
MS
M
+ cotα)
− m
2
Z
2M2S
cosβ sin (α+ β)
sinα
(1 − (MS
M
− tanβ)2M
2
M2S
)
]
. (4.4)
4If the correction is too sizable (say exceed 50%), higher order corrections are also important and need a proper treatment
[17,29].
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From this expression we see that in the large MS limit, the SUSY-QCD corrections decouple rapidly as M
2/M2S and
the decoupling behavior is slowed down by large tanβ. The characters of this case are shown in Fig.7. So we see that
even with a fixed light MA, the process still does not have remnant SUSY-QCD effects if the gluino mass and µ are
also kept light.
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tan β = 8
Case B
MA= Mg = µ =200 GeV˜
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400 800 1200 1600 2000
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 =  50
 tan β
 =  30
 
tan β =  8
FIG. 7. The SUSY-QCD correction ∆σ/σ0 and σ/σSM versus MS in Case B. The solid curves are for the LHC and the
dashed for the Tevatron. For ∆σ/σ0, each solid curve overlaps with the corresponding dashed one due to the tiny difference.
(3) Case C: Only the gluino mass gets much larger than other SUSY parameters (collectively denoted as MS)
5:
mg˜ ≫MQ˜,U˜,D˜ ∼ At,b ∼ µ ∼MA ∼MS . (4.5)
In this case the SUSY-QCD correction behaves as
∆σ
σ0
≃ 2αs
3π
[
2MS
Mg˜
(tanβ + cotα)(1 − log M
2
g˜
M2S
)− MS cotα
3Mg˜
m2h
M2S
+
MS tanβ
Mg˜
m2Z
M2S
cosβ sin (α+ β)
sinα
− m
2
b tan
2 β cotα
Mg˜MS
]
. (4.6)
The main character of this case is that as gluino mass gets large, the correction drops very slowly like 1
mg˜
log
m2g˜
M2
S
,
which was also observed in Refs. [11,12]. Again, like other cases, the size of the correction is enhanced by large tanβ.
In Fig.8 we show the dependence of the SUSY-QCD correction and σ/σSM on the gluino mass. Note that in this
5In this case the Higgs mass bound requires MS to be much larger than electroweak scale.
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case we found that tanβ = 8 cannot satisfy the experimental bounds in Eq.(3.10) for MS = 600 GeV. In Fig.8 the
correction size is significantly smaller than those in Case A and B. The reason is that here a large MA is chosen so
that tanβ + cosα is suppressed (see footnote 3).
Let us explain the origin of the slowness of the decoupling in this case. Such slowness of the decoupling arises from
the first term in Eq.(4.6), i.e., 2µ
Mg˜
(tanβ + cotα) log
M2g˜
M2
q˜
(note that the MS in the factor
2MS
Mg˜
is µ and the one in the
logarithm is squark mass Mq˜). As Mg˜ gets much larger than Mq˜ and µ,
2µ
Mg˜
decreases but log
M2g˜
M2
q˜
increases. For the
example shown in Fig.8, i.e., Mg˜ is changing from 1 TeV to 5 TeV with fixed Mq˜ = µ = 600 GeV, the factor
2µ
Mg˜
is
decreased by 1/5 but the factor log
M2g˜
M2
q˜
is increased by 4.16. Thus the slowness of the decoupling as gluino gets heavy
is caused by the enlarged mass splitting between gluino and squark. Of course, since tanβ + cotα is proportional to
2m2Z
M2
A
tanβ cos 2β (see footnote 3), the contribution of the first term in Eq.(4.6) will be decoupled rapidly if MA gets
large.
-0.12
-0.09
-0.06
-0.03
0
1000 2000 3000 4000 5000
 
tan β = 50
 
tan β = 30
Case C
MQ=MU=M D=At,b=µ=MA = 600 GeV˜˜˜
1.13
1.15
1.17
1000 2000 3000 4000 5000
 
tan 
β = 50
  tan
 β = 30 
 
tanβ=30 
tan β=5
0 
FIG. 8. The SUSY-QCD correction ∆σ/σ0 and σ/σSM versus the gluino mass in Case C. The solid curves are for the LHC
and the dashed for the Tevatron. For ∆σ/σ0, each solid curve overlaps with the corresponding dashed one due to the tiny
difference.
(4) Case D: One of the sbottoms and At,b become heavy while other mass parameters (denoted as M) are fixed.
We choose
MD˜ ∼MU˜ ∼ At,b ≫MQ˜ ∼ mg˜ ∼ µ ∼MA ∼M ≫MEW (4.7)
or equally
mb˜2 ∼ mt˜2 ∼ At,b ≫ mb˜1 ∼ mt˜1 ∼ mg˜ ∼ µ ∼M ≫MEW , (4.8)
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where mb˜1,2 and mt˜1,2 are the masses of bottom-squarks and top-squarks, respectively.
In this case the SUSY-QCD correction behaves as
∆σ
σ0
≃ 2αs
3π
[
2M2
m2
b˜2
(tanβ + cotα)
(
1 + log
M2
m2
b˜2
)
+
m2Z
m2
b˜2
cosβ sin (α+ β)
sinα
(−1 + 2
3
s2W )(
mb˜2
mb˜1
− tanβ)
]
. (4.9)
The main feature of this case is the correction decouples like 1
m2
b˜2
log M
2
m2
b˜2
and this decoupling behavior is slowed down
by large tanβ. Fig.9 shows the dependence of the correction and the cross section on mD˜ (∼ mb˜2). Comparing with
the results in case B, we see that the correction size decrease more slowly as mD˜ gets heavy.
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FIG. 9. The SUSY-QCD correction ∆σ/σ0 and σ/σSM versus MD˜ in Case D for the LHC (solid curves) and the Tevatron
(dashed curves). For ∆σ/σ0, each solid curve overlaps with the corresponding dashed one due to the tiny difference.
From the above analyses we see that when MA is fixed and all other SUSY mass parameters get large, the SUSY-
QCD lefts over some remnant effects in the Higgs production process pp→ bh+X at the hadron colliders. Note that
for the remnant effects to be left over, µ and gluino mass must be comparable with or larger than the masses of the
sbottoms. The fundamental reason for such a behavior is that the couplings like hb˜ib˜j are proportional to SUSY mass
parameters.
We conclude this section by making a few remarks. Firstly, in our analysis we assumed mg˜, µ > 0 and, as a result,
all four cases have negative values of the correction. In the anomaly-mediated SUSY breaking scenario [30], a negative
mg˜ is predicted and in this case, the sign of the correction may be reversed. Secondly, it should be noted that in
the calculations of such Higgs processes it is necessary to use the loop-corrected relations of the Higgs masses and
the mixing angle since such relations can significantly affect the results. Thirdly, in case of a light MA, although the
SUSY-QCD corrections tend to reduce the cross section severely, the MSSM cross section can still be several times
larger than the SM prediction. If the cross section of this process is measured in the future and found to be several
times larger than the SM prediction, a light MA is favored.
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V. CONCLUSION
In this work, we studied the one-loop SUSY-QCD quantum effects in the Higgs production pp (pp¯)→ bh+X at the
Tevatron and the LHC in the framework of the MSSM. We found that for a light MA and large tanβ, the corrections
can be quite sizable and cannot be neglected. We performed a detailed analysis on the behaviors of the corrections
in the limits of heavy SUSY masses and found that when MA is fixed and all other SUSY mass parameters get large,
the SUSY-QCD lefts over some remnant effects in the Higgs production process pp→ bh+X . Such remnant effects
can be so sizable for a light MA that they might be observable in the future experiment. The exploration of such
remnant effects is important for probing SUSY, especially in case that the sparticles are too heavy (above TeV) to be
directly discovered in future experiments.
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APPENDIX A: EXPRESSIONS OF FORM FACTORS
Before presenting the explicit form of Cis, we define the following abbreviations:
sˆ = (p1 + k)
2, tˆ = (k − p2)2, (A1)
a1,2 =
1√
2
(sin θb ∓ cos θb), b1,2 = 1√
2
(cos θb ± sin θb), (A2)
ALI = (aI − bI)2, ARI = (aI + bI)2, AI = a2I − b2I , (I = 1, 2), (A3)
ALIJ = aIaJ + bIbJ + aIbJ + bIaJ , A
R
IJ = aIaJ + bIbJ − aIbJ − bIaJ , (A4)
BLIJ = aIaJ − bIbJ − aIbJ + bIaJ , BRIJ = aIaJ − bIbJ + aIbJ − bIaJ , (A5)
cc1 = − mZ
cos θW
(
1
2
− 1
3
sin2 θW
)
sin(α+ β), (A6)
cc2 = − mZ
cos θW
1
3
sin2 θW sin(α+ β), cc3 =
mb
2mW cosβ
(Ab sinα+ µ cosα), (A7)
Q11 = cc1 cos
2 θb + cc2 sin
2 θb + 2cc3 sin θb cos θb, (A8)
Q12 = (cc2− cc1) sin θb cos θb + cc3(cos2 θb − sin2 θb), (A9)
Q21 = (cc2− cc1) sin θb cos θb + cc3(cos2 θb − sin2 θb), (A10)
Q22 = cc1 sin
2 θb + cc2 cos
2 θb − 2cc3 sin θb cos θb, (A11)
BIi = Bi(p,mg˜,mb˜I )|p2=m2b , (A12)
Bs Ii = Bi(p,mg˜,mb˜I )|p2=sˆ, Bt Ii = Bi(p,mg˜,mb˜I )|p2=tˆ, (A13)
Ca Iij = Cij(p1, k,mb˜I ,mg˜,mg˜), C
b I
ij = Cij(−p1,−k,mg˜,mb˜I ,mb˜I ), (A14)
Cc Iij = Cij(−p2, k,mb˜I ,mg˜,mg˜), Cd Iij = Cij(−p2, k,mg˜,mb˜I ,mb˜I ), (A15)
Ce IJij = Cij(−p2,−ph,mg˜,mb˜I ,mb˜J ), C
f IJ
ij = Cij(−p1, ph,mg˜,mb˜J ,mb˜I ), (A16)
Dg IJij = Dij(−p1,−k, ph,mg˜,mb˜J ,mb˜J ,mb˜I ), Dh IJij = Dij(−p1, ph, p2,mg˜,mb˜J ,mb˜I ,mg˜), (A17)
Dk IJij = Dij(−p2, k,−ph,mg˜,mb˜I ,mb˜I ,mb˜J ), (A18)
where Bi, Cij and Dij are loop functions defined in [31].
After
g2s
16pi2
is factored out, the renormalization constant of b-quark can be expressed as
δZL = CF
2∑
I=1
ALI B
I
1 , δZR = CF
2∑
I=1
ARI B
I
1 , (A19)
13
δmb
mb
= CF
2∑
I=1
(
mg˜
mb
AIB
I
0
− 1
2
ALI B
I
1
− 1
2
ARI B
I
1
), (A20)
where CF = 4/3. The contributions of the self-energy diagrams of b-quark propagator can be written as
ΣsL = CF
2∑
I=1
ALI B
s I
1
− δZL, ΣtL = CF
2∑
I=1
ALI B
t I
1
− δZL, (A21)
ΣsR = CF
2∑
I=1
ARI B
s I
1
− δZR, ΣtR = CF
2∑
I=1
ARI B
t I
1
− δZR. (A22)
Ci appeared in Eq.(2.5) are given by
C3 =
2∑
I=1
{−3
2
(sˆCa I
12
+ sˆCa I
23
+ 2Ca I
24
− 1/2−m2g˜Ca I0 )ALI /sˆ+
1
3
Cb I
24
ALI /sˆ
−3
2
(tˆCc I12 + tˆC
c I
23 + 2C
c I
24 − 1/2−m2g˜Cc I0 )ARI /tˆ+
1
3
Cd I24 A
R
I /tˆ}
−δZL/sˆ− δZR/tˆ− ΣsL/sˆ− ΣtR/tˆ− (
1
2
δZL +
1
2
δZR +
δmb
mb
)(
1
sˆ
+
1
tˆ
)
+
2mW cosβ
mb sinα
2∑
I,J=1
QIJ{4
3
mg˜C
e IJ
0 B
L
IJ/sˆ+
4
3
mg˜C
f IJ
0
BLIJ/tˆ+
3
2
mg˜D
h IJ
0 B
L
IJ}, (A23)
C4 =
2∑
I=1
{−3
2
(sˆCa I
12
+ sˆCa I
23
+ 2Ca I
24
− 1/2−m2g˜Ca I0 )ARI /sˆ+
1
3
Cb I
24
ARI /sˆ
−3
2
(tˆCc I12 + tˆC
c I
23 + 2C
c I
24 − 1/2−m2g˜Cc I0 )ALI /tˆ+
1
3
Cd I24 A
L
I /tˆ}
−δZR/sˆ− δZL/tˆ− ΣsR/sˆ− ΣtL/tˆ− (
1
2
δZL +
1
2
δZR +
δmb
mb
)(
1
sˆ
+
1
tˆ
)
+
2mW cosβ
mb sinα
2∑
I,J=1
QIJ{4
3
mg˜C
e IJ
0 B
R
IJ/sˆ+
4
3
mg˜C
f IJ
0
BRIJ/tˆ+
3
2
mg˜D
h IJ
0 B
R
IJ}, (A24)
C5 =
2∑
I=1
{−3
2
(−4Ca I
24
+ 1 + 2m2g˜C
a I
0
)ALI /sˆ−
1
3
(sˆCb I
12
+ sˆCb I
23
+ 2Cb I
24
)ALI /sˆ}
+2δZL/sˆ+ 2Σ
s
L/sˆ+ (δZL + δZR + 2
δmb
mb
)/sˆ+
2mW cosβ
mb sinα
2∑
I,J=1
QIJ{−8
3
mg˜C
e IJ
0 B
L
IJ/sˆ
+
1
3
mg˜(D
g IJ
0
+Dg IJ
11
−Dg IJ
13
)BLIJ + 3mg˜(D
h IJ
11
−Dh IJ
12
)BLIJ +
1
3
mg˜D
k
13
BLIJ}, (A25)
C6 =
2∑
I=1
{−3
2
(−4Ca I24 + 1 + 2m2g˜Ca I0 )ARI /sˆ−
1
3
(sˆCb I12 + sˆC
b I
23 + 2C
b I
24 )A
R
I /sˆ}
+2δZR/sˆ+ 2Σ
s
R/sˆ+ (δZL + δZR + 2
δmb
mb
)/sˆ+
2mW cosβ
mb sinα
2∑
I,J=1
QIJ{−8
3
mg˜C
e IJ
0
BRIJ/sˆ
+
1
3
mg˜(D
g IJ
0
+Dg IJ
11
−Dg IJ
13
)BRIJ + 3mg˜(D
h IJ
11 −Dh IJ12 )BRIJ +
1
3
mg˜D
k
13B
R
IJ}, (A26)
C9 =
2∑
I=1
{−3
2
(−4Cc I24 + 1 + 2m2g˜Cc I0 )ARI /tˆ−
1
3
(tˆCd I12 + tˆC
d I
23 + 2C
d I
24 )A
R
I /tˆ}
+2δZR/tˆ+ 2Σ
t
R/tˆ+ (δZL + δZR + 2
δmb
mb
)/tˆ+
2mW cosβ
mb sinα
2∑
I,J=1
QIJ{−8
3
mg˜C
f IJ
0
BLIJ/tˆ
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+
1
3
mg˜D
g IJ
13
BLIJ + 3mg˜(D
h IJ
12 −Dh IJ13 )BLIJ +
1
3
mg˜(D
k
0 +D
k
11 −Dk13)BLij}, (A27)
C10 =
2∑
I=1
{−3
2
(−4Cc I
24
+ 1 + 2m2g˜C
c I
0
)ALI /tˆ−
1
3
(tˆCd I
12
+ tˆCd I
23
+ 2Cd I
24
)ALI /tˆ}
+2δZL/tˆ+ 2Σ
t
L/tˆ+ (δZL + δZR + 2
δmb
mb
)/tˆ+
2mW cosβ
mb sinα
2∑
I,J=1
QIJ{−8
3
mg˜C
f IJ
0
BRIJ/tˆ
+
1
3
mg˜D
g IJ
13
BRIJ + 3mg˜(D
h IJ
12
−Dh IJ
13
)BRIJ +
1
3
mg˜(D
k
0
+Dk
11
−Dk
13
)BRij}. (A28)
Since we have neglect the b-quark mass throughout this paper, C1,2,7,8,11,12 are irrelevant to our result and we do
not present their explicit forms here.
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